We describe a high-speed Immunonephelometric continuous-flow system. The mechanical timing assembly and cams of the sampler were replaced by an external electronic control unit. Improved sampling precision, speeds of 2 to 900 samples per hour, and a wide variety of sample-to-wash ratios are the most important advantages of the unit. We analyzed albumin and fibrinogen at speeds of 150, 180, and 210 samples per hour.
Materials and Methods

Apparatus
When the thumbwheel switch and the counter both have the same value, the comparator gives a negative pulse to the flip-flop (E), which switches over to the other side. The flip-flop (E) resets the counter and opens the gate (F) to the next counter, which starts counting up to the value set on the thumbwheel switch (C), after which the comparator (H) restores the flip-flop (E). This cycle is constantly repeated. The sampling and washing positions are started and interrupted by switches S3 and S4. (PEG) , 40 g/liter, prepared in PBS-Tween, were both as previously described (7).
Antisera. Commercial rabbit antialbumin and antifibrinogen immunoglobulin fractions (Dakopatts A/S, Copenhagen, Denmark) were kept at +4 #{176}C. For both antisera a dilution of 100-fold in PEG was used. After mixing, the polymer-antibody solution was treated as described before
(7).
Drawing-ink solution.
Two drops of India ink (RiepeWerk, Hamburg, Germany) were diluted to 200 ml with PBS-Tween. When run through the nephelometer it gave sufficient light scattering to be easily measured. Calibration solutions and control samples were prepared and stored as described (12).
Serum and plasma samples were obtained from in-patients at the Uppsala University Hospital. Before analysis the 36 serum samples were diluted 1000-fold in PBSTween for albumin, and the 40 heparmnized plasma samples 100-fold for fibrinogen.
Procedures
High-speed automated determination of albumin and fibrinogen.
Serum or plasma samples, properly diluted, were placed in the sampler tray and aspirated on the continuous-flow system (Figure 1 ). Reaction time was 2-3 mm, depending on the speed of the system. Both proteins were assayed with the same setting, except that the full-scale record (FSR)-knob was placed at 700 for albumin and 800 for fibrinogen.
Blank determinations were not necessary for albumin because of the high predilution. They were estimated for fibrinogen by running the diluted plasma samples against PEG alone through the antiserum line. After blank correction, the concentration of albumin or fibrinogen was calculated from a calibration curve. Different speeds were selected for the study (150, 180, and 210 samples per hour). This was done by setting the sampler electronic control unit thumbwheel switches at sampling times of 6,0, 5.0, and 4.3 s, and washing times of 18.0, 15.0, and 12,9 s, respectively.
Low-speed automated determination of albumin and fibrinogen. We used the immunonephelometric method with use of polymer enhancement described earlier for albumin (7). After modification, the same principle could be applied to the analysis of fibrinogen. In that case a solution of 40 g of PEG per liter and a speed of 60 samples per hour were used.
Results
Studies
on the sampler electronic control unit. Because the rotation of the sampler arm probe (from wash receptacle to sample cup) takes 1.6 to 1.8 s, a minimum of 2 s for sampling and washing was considered necessary. This means that the maximal working speed was 900 samples per hour. The repeatability of the SECU, when a light-scattering substance was pumped through the system, is shown in Figure 3 . Increasing variation (CV) was seen with increasing speeds (60 to 900 samples per hour) and increasing sample-to-wash ratios (1/1 to 1/3).
Contamination (sample interaction) series with control samples containing 10-80 mg of albumin or fibrinogen per liter were run as reported from this laboratory (13). As can be seen from Table 1 , sample interaction was proportional to the concentration ratio and to the speed of the system. Fibrinogen presented a lower sample interaction than albumin, A steady baseline with no drift and no fading of the nephelometric response was observed throughout.
Precision of the high-speed continuous-flow
system was assessed by analyzing a number of control samples for albumin and fibrinogen (Table 2) Comparison between the high-speed and the low-speed methods. Serum albumin and plasma fibrinogen analyzed at 60 samples per hour were compared with analysis at 150 and 180 samples per hour (Table 3) . 
Concn ratio
Discussion
The Technicon continuous-flow system is commonly accelerated by use of interchangeable timing cams (available from 10 to 120 samples per hour) with fixed sample-towash ratios (12 different combinations). When higher speeds are required, the slots cut in the circumference of the cam must be smaller and are therefore more difficult to cut precisely. Undoubtedly, the whole mechanical timing attachment of the sampler (e.g., timing motor, advance switch, and cams) with loose parts interconnected will produce variations in the sampling and timing cycles. This is particularly true when short and precise sampling times are required at high speeds. The second approach for accelerating the system has been to replace the 60-cycle synchronous timing motor with others of higher speeds and to use large-slotted cams, but this does not overcome the problems inherent to mechanical attachment. "Sample-to-wash ratio Repeatability studies of the SECU showed a larger variation for one and the same speed, when the sample-to-wash ratio was increased (Figure 3 ). When the system is run at "normal" speeds, different sample-to-wash ratios do not greatly change the variation (CV), whereas the variation increases rapidly at higher speeds (more than 120 samples per hour). It must be pointed out that these results are valid only for the particular setting used here, but this SD CV, % should not invalidate the general principle as illustrated in is interaction between samples. This effect was studied by 286 6 16 running two different immunological reactions in the accelerated system. As expected, a sizable carryover was found, which was proportional to the speed and the concentration ratio (Table 1) . These experiments were performed with a sample-to-wash ratio of 1/3. With lower sample-to-wash ratios, higher contamination values will probably be found. When albumin and fibrinogen are analyzed in clinical practice, the concentration ratio found between samples can be 1:2 or 1:3; rarely is it over 1:6. At 150 samples per hour a contamination of less than 5% can normally be expected for both proteins (Table 1) . When the concentration ratio Is more than 1:4 we suggest that such samples be rerun separately.
An overall precision (CV) of around 4% for both proteins assayed at 150 samples per hour (Table 2 ) is comparable to figures reported earlier for low-speed systems (6, 7) and is better than that reported for gel techniques (i, 2). Higher speeds (180 and 210 samples per hour) presented variations (CV) of 5 to 7%, which might be acceptable for clinical use (e.g., screening purposes), but care must be taken to avoid contamination between specimens (compare Tables 1 and  2 ).
The polymer-enhanced AlP system run at 150 samples per hour that we describe here is less antiserum-consuming than systems reported elsewhere (6, 7, 12) . Only 4.8 il of either antialbumin or antifibrinogen serum is needed for analyses (208 analyses per milliliter of undiluted antiserum).
